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122 Pesticide Risk Assessment for Pollinators

10.1 INTRODUCTION

Ecological risk assessments are intended to evaluate the likelihood that adverse ecological effects may
occur as a result of exposure to one or more stressors (USEPA, 1992). Typically, at the first tiers, risks are
evaluated for individoal taxonomic groups {¢.g., freshwater fish, upland game birds, or'terrestrial plants)
using surrogate species. At higher levels of refinement, risks to individual taxa may be further integrated to
determine whether there are effects to the community. However, risk assessments are typically conducted at
the taxon level (USEPA, 2004). The intent of this chapter is to describe a proposed method for estimating
risk to honey bees (Apis mellifera) and non-Apis bees from pesticides that are applicd via sprays (acting on
contact) and via seed/soil treatments and tree trunk injections {(acting systemically),

In general, a pesticide risk assessment process is used for evaluating new ¢ompounds or new products
entering the market or those compounds undergoing re-evaluation, as in the 10-yeag process of re-cvaluation in
the European Union (EU) or in North America where chemicals are re-evaluated every 15 years. As with risk
assessmments for other taxonomic groups, the proposed risk assessment method described in this document
makes use of surrogate species. The ecological risk assessment process described consists of a series of
steps or phases, which are intended to be iterative where information gathered at each step is evaluated
against the protection goals. The risk assessment process cousists of a problem formulation (Phase 1),
analysis (Phase 2} and risk characterizarion (Phase 3). This generic process is depicted in Figure 101,
In Phase 1. problem formulation, measurement endpoints are identified in relation to protection goals and
corresponding assessment endpoints, a conceptual model is prepared and an analysis plan is developed.
Based on the conceptual model and its associated risk hypothesis, the analysis plan articulates how the
risk hypothesis will be tested. In Phase 2, analysis. available measures of exposure and measures of effect
are evaluated. Through environmental fate data, the movement of a-stressor (i.e., the pesticide and relevant
transformation and breakdown products) in the environment is characterized: this is frequently termed the
exposure characterization or exposure profile. Similarly, the potential acute and chronic effects of a chemical
are characterized in what is frequently termed the stressor-response profile. Additionally, the proposed and/or
existing uses of a compound are characterized and, based on these uses and the environmental fate of the
compound, predicted/estimated environmental concentrations (PEC or EEC) are derived.

Once effects and exposure are characterized, the risk gssessment proceeds to Phase 3, risk characreri-
zation. Typically, the risk characterization consists of two steps, that is, risk estimation and risk discussion
(evaluation). In the risk estimation step, the measures of exposure {e.g., EECs or PECs} and measures of effect
are integrated to develop risk estimates. These risk estimates may be based on point estimates of exposure
and a point estimate of effect, for example, for Tier |, exposure is based on application parameters assumed to
result in the highest exposure for a particular use; and point estimates of effect, for example, the acute median
tethal dose to 30% of the species tested (LDS0). I initial values for potential exposure and effects result in risk
estimates that exceed regulatory triggers, then these point estimates can be refined through higher tier testing
with regard to both potential exposure and/or potential effects. Possible refincments in exposure estimates are
discussed in Chapter 7 while possible sefinements in effects are discussed in Chapter 8 (laboratory studies)
and Chapter 9 (semi-field/full ficld studies). As ecological risk assessment methedologies evolve, refined
estimates could be based on distribution-based estimates of cither exposure (e.g. residue concentrations in
pollen from field monitoring studies based on application rate reflecting the worst case for a particular use),
or effects (e.g.. species sensitivity distribution using L350 values for non-Apis species).

Regardless of whether point estimates or distribution-based estimates are used, the integration of exposure
and effects data is typically exptessed as a ratio (quotient), and it is this ratio that is considered to be the “risk
estimate.” If point estimates of exposure and cffects are used as inputs, the risk quotient (RQ) is a deterministic
point estimate of risk. If the exposure and/or effects inputs are probability distributions of possible values, the
risk estimate is itself a “joint” probability distribution and represents a probabilistic estimate. Deterministic
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124 Pesticide Risk Assessment for Pollinators

estimates of risk, based on point estimates of exposure and effects, do not typically provide information on
the magnitude and likelihood of adverse effects. This uncertainty is in most cases accounted for with the use
of assessment factors. In refining the risk agsessment on the basis of distribution-based estimates of either or
both exposure and effects, probability distributions and particularly joint-probability distributions allow the
estimation of both the likelibood (probability) and magnitude of an adverse effect (e.g., estimates of a 40%
chance that 60% of the species will be affected). The decision to move from point-estimate-based approaches
to distribution-based approaches’ that may also be spatially and temporally specific is predicated on the risk
manager’s need for additional information to support their decision and the availability of data to support
such approaches.

The second part of risk characierization is risk evaluation, where quantitative estimates of risks are, when
necessary, further described using qualitative data. Multiple Hnes of evidence are used to more fully describe
what is known about potential adverse effects resulting from the use of a pesticide Risk evaluations include
additional discussion about the variability associated with the measured endpoints along with associated
uncertainties, that is, attempts to characterize what is not known, When necessary or possible, the intended
effects of relevant mitigation measures may also be discussed. Any incident data, that is, adverse effects
reported involving the actual use of the compound in the ficld, are alse discussed to further characterize
potential effects.

Although the risk assessment process is depicted as three distinct phases. cach phase is intended to
be iterative. As more information {data) becomes available, the outcome of the process should evolve w©
accommodate the data. The risk assessment process is therefore intended to take advastage of multiple lines
of evidence and the problem formulation with its conceptual model amd risk hypothesis may be refined as
meore information becomes available. A critical component to this iterative process is clear communication
between the risk assessor and the risk manager to ensure that protection goals are adequately articulated and
that the relevant mitigation measures on risk estimates may be implemented and potentially evaluoated within
the risk assessment.

Consistent with the iterative nature of the risk assessment process, regulatory authorities typically rely
on a tiered process for conducting ecological risk assessments; the preliminary, or screening-level (Tier 1)
assessments are intended to screen substances for which a potential risk cannot be excluded. Higher tiers
atternpt to refine risk estimates to (1) identify whether a poténtial risk will likely be encountered under more
realistic assessment conditions, that is, using less Conservative assumptions regarding potential exposure and
effects: (2) determine the conditions under which potential risks may occur: and, (3) identify the spatial and
temporal characteristics of risks. The tiered risk assessment process identifies those chemicals for which a
higher level of resources should be devoted to support more refined and detailed assessments. It should be
noted though, that while probabilistic tools can be used to refine estimates of exposure and effects, and to
quantify spatial and temporal characteristics of risks, they are not typically applicable to determining the
conditions of occurrence for risk. Additionally, such refinements are typically focused on specific uses which
have exceeded trigger values and which requite a more detailed understanding of the potential magnitude,
likelihood, and/or duration of a particular effect,

Decision criteria are used within g tiered framework as a basis for discriminating potential risks among
substances. Screening-level risk asscssmients may have predetermined decision criteria to answer whether
potential risks exist, as for example i the EU where decision-making criteria are defined for afl groups

Please provide of organisms (EC, 20013 Conversely, higher tier risk assessments may not have predetermined and/or
Ef:j;;f;zf“if uniformly defined decision criteria since the management decision may change from yes/no to questions
Reference
citation “EC,
20017 or else
suggest if this
could be

remmoved from
the fext.

! Species sensitivity distributions‘are an option to refine the evaluation of effects for risk assessment performed for a group of organisos
and not at the level of a species, for example, the honey bee.
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regarding “what, where, and how great ig the risk,” as for example in the United States (USEPA, 1998) and
may also be associated with restrictions/conditions intended to limit the risk (which is the gase in both the
EU and United States).

In the following sections, the risk assessment process for honey bees and non-Apis-bees is described.
Consistent with the tiered process discussed in the preceding sections, the following sections propose risk
assessment flowcharts discussed during the Workshop and are intended to iHustrate the different steps
mentioned above. Each step of these risk assessment processes are then discussed in greaterdetail, starting with
screening-level assessments (Tier 1) and proposed refinements that incorporate additional data on potential
exposure and effects to both Apis and non-Apis bees, The proposed process is delingated for pesticides that
are applied foliarly and act on contact with or ingestion by insects. A different risk assessment process is
articulated for pesticides that are applied to soil or as a seed treatment. For soil and seed treatments that are
systemic, the chemical is taken up by the plant and distributed either through the xylem (i.e., translocation
through the plant in the direction of xylem flow (acropetal®) or through the plant phloem (i.e., translocation
throngh the plant in the direction of phloem stream (basipetal® and acropetal). The route of exposure to
systemic compounds applied as soil, seed, or tree trunk injections is primarity through ingestion of residues
in pollen and/or nectar.

10.2 PROTECTION GOALS, ASSESSMENT AND MEASUREMENT ENDPOINTS,
TRIGGER VALUES FOR TRANSITIONING TO HIGHER LEVELS OF REFINEMENT, AND
RISK ASSESSMENT TERMINOLOGY

As previously discussed, the initial phase of a risk assessment process is problem formulation. Problem
fornulation articulates the intent of the risk assessment and is predicated on particular protection goals
for which the regulatory authority is responsible. In order to build a proposed risk assessment process for
pollinators, the participants of the Workshop identified plausible, surrogate protection goals, that included:

1. protection of pollination services provided by Apis and non-Apis species’
ii. protection of honey production and other hive products; and
iii. protection of pollinator biodiversity,

In order to structure an assessment that allows addressing risk management concerns, that is, realize
protection goals, it is important to define assessment endpoints. Assessment endpoints are intended to be
explicit expressions of the actual environmental value that is to be protected and are operationally defined
by an ecological entity and its attributes (USEPA, 1998). For assessing potential risks to Apis and non-
Apis bees the ecological entities would be the organisms themselves (e.g., larval and adult honey bees and
bumble bees) and potential attributes would consist of survival, development, and reproduction. The ability
of assessment endpoints to support risk management decisions depends on the extent to which they target
susceptible ecological entitics and measurable ccosystem characteristics (USEPA, 1998). Protection of the
growth, reproduction, and survival at the colony/population level of these species will conserve pollination
services, biodiversity contributed by pollinators, and availability of hive products (e.g., honey production).
The conventional assessment endpoints of survival, development, and reproduction can be articulated for

2 Acropetal refers to the direction.of movement and is typically intended to denote movement from the base of a plant {e.g., roots)
toward ita apex.
Basipetal refers to the direction of movement and is typically intended to denote movement from the apex of a plant toward its base.

ED_013166_00000529-00005



BLBS145-¢10 BLBS145-Fischer Printer: Yet to Come February 24, 2014 7:54 246mmx] 89mm§

126 Pesticide Risk Assessment for Pollinators

Apis and non-Apis bees to include colony size and survival for honey bees, and population size and survival
for non-Apis bees.

Assessment endpoints are further defined by measurerment endpoints. Measurement endpoints are attributes
that are examined at the study level which, taken either individually or together, are indicative of an assgssment
endpoint. In initial (screening level) laboratory studies, it is practical to measure endpoints such as individual
survival, toxicity to and developmental effects on larvae (brood), and behavioral effecis (e.g, effects that
become manifest in adults due to exposure as larvae). These measurement endpoints are relevant because if
severcly impacted, they can result in effects at the colony/population level and can be indicative of the ability
of a colony to grow, reproduce, or survive. In higher tier tests, it may be possible to directly measure effects
on colony/population size and viability. However, as noted in previous chapters, further research is required
to ascertain which, and at what level (sublethal) effects is indicative of a colony-level, or population-level
effect. The linkage between protection goals, assessment endpoints, and possible measwement endpoints are
presented in Table 10.1.

The terminology of risk assessment can be confusing due to the differcnces amongst regulatory authorities,
Many parts of the processes outlined in this document make reference to the European and Mediterranean Plant
Protection Organization (EPPO) methodology. and the testing methods for non-target terrestrial arthropods
thereof. Table 10.2 presents the different risk expressions used herein.

Note that in Tier 3 analysis, where a field study is performed, neither a hazard quotient (HQ) or RQ, nor
a toxicity exposure ratio (TER) 1s calculated. Rather, effects are characterized, statistically significant or not,
in the context of actual exposure conditions and in the context of whole hive biology.

TABLE 10.1

Linkage of Protection Goals, Assessment Endpoints, and Measurement Endpoints for Social Bees
(Including Apis) and Solitary (Non-Apis) Bees. Initials (1) and (F) Designate Endpoints Most
Applicable to Laboratory (1) Studies and Field (F)

Measurement Endpoints

Protection Population Level or tMeasurement Endpoints

Goal Assessment Endpoints Higher individual Level

Pollination Population size and stability Social bees: colony survival Social bees: individual
services within the crop and/or its (), colony strength (F) survival (L, F), fecundity

Hive products
(honey, £tc.)

Pollinator
biodiversity

boundaries

Production of hive products

Species richness and
abundance-on the crop/in
the boundanes

Solitary bees: population size
(F) and persistence (F)
over time

Production of hive
products (F)

Colony survival (1), eolony
strength (), brood success
(F), behavior ()

Species richness and
abundance (F)

{F), brood success (L, F),
behavior (L, F)

Solitary bees: individual
survival (L, F).
reproduction (F), behavior
(L, F)

Individual survival (L, ),
brood success (L, F),
behavior (L, F}

Individual swvival (L, F),
brood success (L, F),
behavior (L, F)
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TABLE 10.2

Risk Estimates and Their Components Used by Regulatory Authorities

Ecological Risk
Estimate

Hazard quotient
(HQ): effects/
CXPOSte

Risk quotient
(RQ): exposuare/
effects

Toxicity exposure

Effects Component

LS50 measured as
ug/bee

L350 measured as
ug/bee

MNo observed adverse
effect level
(NOAEL) measured
as pg/bee

LD30 or the no

Exposure Component

Dermal exposure
concentration or oral
dosing concentration
as g/ha

Contact exposure
concentration, or
oral dose
concentration

Oral feeding
concentration
(solution) or dietary
intake (pollen or
nectar)

Oral feeding

Comment

Numerator and
denominator are
expressed in
dissimilar
measurementunits

Mamerator and
denominator are
expressed in same
measurement units

MNumerater and
denominator are
expressed in same
measurement units

MNwnerator and

Where/How it is
Lsed

Used in European
Assessments
Used in Tier 1 analysis

Used in MNorth
American
ASSCSIMEnts

Used in Tier 1 apalysis

Used in North
Arnerican
assessments

Can be used in Tier 1
and Tier 2, analyses

Used in Tier 1 analysis

246mmx ] 89mm§

ratio {TER): observed adverse concentration denominator are (for larvae) and Tier
exposure/ effect level (solution) or dietary expressed in same 2 analysis
effects (NOAEL) measured intake (pollen or measurement upits

as ugibee nectar)

10.3 RISK ASSESSMENT FLOWCHARTS

This section illustrates the proposed risk assessment process identified by the participants of the 2011 SETAC
Workshop on Pesticide Risk Assessment for Pollinators. The decision process is described and depicted
in flowcharts to better highlight the progression of events through the tiers. Risk assessment starts with a
preliminary verification that a risk assessment 1s warranted by first describing the routes of exposure that
are considered likely and will trigger fusther evaluation. This leads to screening steps intended to exclude
situations where the potential for adverse effects is considered low and with a sufficient margin of safety to
conclude no further analysis is necessary. The process then focuses on uses for which further characterization
of the risks is necessary and guides the assessor in efforts to identify the necessary data to enable the estimation
of effects and exposure levels nceded fo assess potential risks from these scenarios.

An overview of each step in the problem formulation and risk assessment process, that is, screening-
level assessment to more refined evaluation of effects and exposure based on laboratory data, to higher
tiered assessments involving semi-field and field studies can be found in Chapters § and 6. Efforts to refine
risk estimates are typically predicated on refining estimates of potential exposure and effects. For detailed
descriptions of the studies to be andertaken to generate these data, refer to Chapter 7 (assessing exposure),
Chapter 8 (laboratory-based etfect studies), and Chapter 9 (field-based effect studies).

The flowcharts below are used 10 depict a generic risk assessment process that was developed during the
Workshop. Two proposcd processes distinguish between compounds applied as spray for which the worst
case exposure may be expected through direct contact of pollinators with spray droplets during the flowering
period (Figares 10.2 and-10.3) and, products used as soil or seed treatments for which an exposure may occur
as a result of the systemic properties of the compound or its degradates (Figures 10.4 and 10.5). Itis important

ED_013166_00000529-00007



BLBS145-¢10 BLBS145-Fischer Printer: Yet to Come February 24, 2014 7:54 246mmx] 89mm§

128 Pesticide Risk Assessment for Pollinators

1. Details of the produet and iis pattemn of use.

v

Za. |s exposure of adult N -
bees possible? 8. Presumption
\ 4 of minimal risk.

2b. Is exposure of
immature stages of bess
B possible? N

3b. Assess the toxicity of al. to
3a. Assess the toxicity of active ingtredient (a.i} | 4 meliifera larvae: N
to Apis mellifera adults: Establish NOEL,
Establish oral and contact LD50, caleulate Caleutate TER. Is TER > trigger?
HOQ (Appl. Rate/LDS0). Is HQ < trigger? (based on default dietary residue level TBD

or measured values)

4a. Assess possible impacts on non-Apis
adults using NTA dala as surrogate:
Is HQ for Apis < trigger value by a wide
margin (e.g., 10x)? If not, consider NTA .. | 4 Assess possible impacts on non-Apis
data, calculate HQ. ls HQ < trigger? larvae using Apis larvae test endpoint as a
[trigger va_lue for non~(\p|s may differ from § surrogate for non-Apis:
that used in 3a for Apis] Caloulate TER. Is TER > trigger?

N {based on defaull dietary residue level TBD
or measured values)

Sa. Establish adult oral and contact LDS0
for relevant non-Apss bee species:
Calculate HQ. Is HO <« tigger? 5h. Establish larval NOEL for relevant
non-Apis bee species:

Calculate TER. 1s TER » trigger?

N

N 5. Presumption of minimal rsk.

7. Continue with higher-tier risk assessment. =
OR
L Consider risk management measurss.

FIGURE 10.2  Insect pollinator screening-level risk assessment process for foliarly applied pesticides. (For a color
version, see the color plate section.)
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FEGURE 10.4 Insect pollinator sCreening-level risk assessment process for soil and seed treatment of systemic pesti-
cides. Note that this flow chagt may apply for trunk injection as well, as modalities of exposure of pollinators are similar
as for soil/seed treatments. FPor frunk injection, however, further data are needed to appropriately describe the range of
expected residue concentrations. in nectar and pollen. As a consequence, no default value is currently available for a
quantification of the risk {Boxes 33 and 3b). A compilation of available data counld be made, with a particular attention to
the corresponding injection protocols as it varies with the active substance involved and the tree. (For a color version, see

the color plate section.}
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FIGURE 10.5 Higher tier (refined) risk assessment process for soil and seed treatment applied systernic pesticides.

{For a color version, sce the color plate section.}
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to note that contact exposure to a systemic compound is also possible if it is applied as a spray application
around or during the flowering period, for example, in the case of pre-bloom application. In this case, the
reader may also find useful recommendations in the flowchart for soil/seed treatments.

Each box of these flowcharts is numbered and the nature of the data and reasoning behind cach step of
the process is provided below. As noted earlier, suitable level of concern (1.OC) values (i.¢.; trigger values)
for transitioning to higher levels of refinement are Hoked to risk management decisions and protection goals
of individual regulatory authorities. The trigger values depicted in Figures 10.2 through 10.5 are generic.
However, the more detailed but related risk assessment scheme in Appendix 6, which modifics the EPPO
guidance (EPPO, 2010), contains some trigger values currently used in the European regulatory process
(EC, 2010). As stated in other parts of this document, it is not the intent of this'document, or SETAC, to
recommend and/or support any particudar trigger criteria but rather 1o emphasize the role that these values
play in an efficient risk assessment process.

10.4 SPRAY APPLICATIONS

Figures 10.2 and 10.3 depict the risk asscssment process for insect pollinators following the use of spray
praducts. Each step (box) depicted in the flow chart is numbered and arrows depict the direction that should
be followed in response to a “yes” or “no” answer. More details regarding cach of the steps are provided
below.

The risk assessment process begins by asking whether exposure is possible (Box 2a); if exposure is not
possible, then there is a presumption of minimal risk (Box 6). For spraved applications, the screcning level
considers the worse case exposure assumption of a direct overspray (o plants where bees are actively foraging.
Potential effects of the chemical thus result from the overall effects of the direct spray on foraging bees.

As depicted on the left-hand side of Figure 10.2, at the s¢reeming level, the potential risk to adult honey
bees from spray applications is assessed through calculation of an HQ (Box 3a). The assessor calculates an
HQ by dividing the theoretical cxposure, that is, the application rare expressed in terms of weight per unit arca
{e.g., grams active ingredient/hectare) by the most sensitive acute median lethal dose to 50% of the organisms
tested, that is, the (contact) LD50 value, derived from laboratory studies. If the H(} value passes a regulatory
trigger value, then there may be a presumption of minimal risk to adult honey bees and the reviewer proceeds
to assess possible impacts to non-Apis adults (Box 4a),

To evaluate potential risk to farval honey bees, the assessor calculates a TER by dividing the most sensitive
No-Observed-Effect level (NOEL) from the honey bee larval toxicity test by the theoretical maximum
concentration in pollen and nectar (Box 3b). While several test designs currently exist to assess effects to
farvae, adoption of this step in a formal. regulatory process would require standardization of a particular test
design. Possible test designs for lower tier laboratory-based studies with larvae are discussed in Chapter 8. If
the TER value passes the trigger value, then a presamption of minimal risk to larval honey bees can be made
and the reviewer proceeds to evaluate possible impacts on non-Apis larvae (Box 4b).

Default Exposure Estimates for Screening Level Analysis for Apis Larvae: Although a theoretical maximum
concentration has been established by some regulatory authorities for systemic products (e.g., 1 mg/kg or
ppn (3, 2010) no such exposure muodel or theoretical maximum concentration level has been formally set
for s ed products. Pesticide residues resulting from divect overspray on food items for birds and mammals
can be estimated using a residue per unit dose (RUD} approach favored by Hoerger and Kenaga (1972). The
EPA terrestrial exposure model (T-REX) has been revised to include insect residue data that could represent
reasonably conservative screening values (USEPA, 2012b). In the most recent guidance produced by the
European Food Safety Authority (EFSA, 2009), a range of RUD values have been developed for different
crops and food sources. Furthermore, the EPA toxicity of residues on foliage test may provide insight on the
magnitude of residues on foliage following a particular application rate and the period of time these residues
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remain toxic (USEPA, 2012a). Further research is necessary to both validate current screening exposure
values used by regulatory authorities, as well as to develop RUD values, or other (screening) exposure models
specific to pollinators.

The proposed risk assessment scheme also considers potential risks to non-Apis bees. At the screening
fevel, risk to non-Apis bees is evaluated by employing effects data from honey bee acute oral{contact (1.D50)
studies (Box 4a depicting the calculation of an H(Q for non-Apis adulis), and chronic larval honey bee toxicity
(NOEL) test data (Box 4b depicting the calculation of a TER for non-Apis larvae). Inn cases where Tier 1
(screcning-level) data on Apis bees are not sufficient to conclude low risks to nop-Apis bees (ie., using a
trigger value for Apis species modified with an appropriate safety factor to account for inter-species variation),
then it may be concluded that the substance does not pass the screening step. In this ¢ase, data from non-target
arthropods (NTA), typically required in the European registration process, could be considered (Box 4a and
4b} as they may provide useful information on the choice of non-Apis species to be further tested if potential
risk cannot be excluded upon examination of the available NTA data. Participants in the Workshop agreed that
NTA data could be utilized as it typically includes toxicity estimates for the predatory mite (Tvphlodromus
pyriy and the parasitic wasp {(Aphidius rhopalosiphi). Refined risk estimates for non-Apis bees would then
require development of adult oral andfor contact LD5G values for the relevant non-Apis species and an HQ
(i.e, application rate/LD50) developed for adult bees (Box 5a). Similarly, where risk estimates do not meet
trigger criteria for non-Apis bee larvae, then a NOEL for relevant non-Apis bees is necessary (Box 5b) to
calculate a TER. As with toxicity estimates for adult non-Apis bees, toxicity test methods would have to
be developed for larvae of relevant non-Apis bees. If risk estimates for either adult and/or larval non-Apis
bees are within regulatory criteria, then minimal risk is presumed (Box 6); howevey, if not, then the reviewer
should proceed to higher tier (refined) assessment methods depicted in Figure 10.3 or consider risk mitigation
measures intended to reduce exposure (Box 7). As depicted in Figore 10.2, where risk mitigation measures are
imposed, the reviewer should then re-evaluate whether exposure to adults (Box Za) and/or larvae (Bex 2b) has
been sufficiently reduced to presume minimal risk. Again, it minimal risk cannot be presumed, the reviewer
should proceed through the screen using the revised exposure numbers based on the proposed mitigation.

The proposed refined risk assessment for spraved products depicted in Figure 10.3 begins by asking
whether higher tier risk assessment is peeded for honey bees (Box 8a) or for non-Apis bees (Box 8hb).
The screening level risk assessment is typically based on effects data on individual bees collected through
laboratory studies. However, in refined risk assessments; the reviewer considers the results of semi-field and
full fickd tests, which are typically conducted at the colony level rather than at the level of the individual
bee. The refined risk assessment process therefore attempts to capture more realistic effects data as well as
incorporating more refined estimates of exposute. For honey bees, effect estimates from semi-ficld smdies
(Box 9) or full field studies (Box 1) arc used to determine whether maximum application rates result in
effects. If minimal risk cannot be presumed from the results of semi-field studies, then the reviewer should
consider full field stadies where such studies can determine effects under more realistic test conditions
(Box 10). In cases where full field studies do not result in risk estimates that are consistent with protection
goals, then the reviewer should conduct an analysis of uncertaintics associated with the review process and
determine whether possible mitigation specitic to honey bees has been adequately considered (Box 11). As in
the screening-level assessment, the impact of mitigation measures should be considered through the refined
rigk assessment process to ensure that their result is inconsistent with protection goals. After such an analysis,
if risk estimates still do not meet regulatory criteria, then there is a presumption of significant risks (Box 17).

Inthe case of non-Apis bees, the reviewer assesses potential risks via data on NTAs (Box 12) and determines
whether there are actual significant routes of exposure which are not accounted for by the higher tier tests
conducted using honey bees (Box 13) such as from contaminated nest material. If risk concerns to non-Apis
bees cannot be minimized, higher tier effects testing discussed in Chapter 9 using non-Apis bees relevant to
the specific potential route of exposure are then considered, possibly first through a semi-field test (Box 14)
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with the option to extend the investigation to the full field level (Box 15). As with honey bees. the process and
underlying assumptions/uncertainties associated with risk estimates should be carefully analyzed (Box 16}
and the reviewer should consider possible mitigation measures specific to non-Apis bees. The potential effects
of mitigation options must be considered at each of the steps within the refined process whether itis anApis or
non-Apis analysis. If after this analysis, estimates are considered reasonable and potential mitigation measures
cannot reduce potential exposure and potential risks, then the reviewer must presume significant risk to the
non-Apis species, under the proposed conditions of use.

10.5 SOIL AND SEED TREATMENT APPLICATIONS FOR SYSTEMIC SUBSTANCES

The screening-level and refined risk assessment processes for soild treatment-applied pesticides are
depicted in Figures 10.4 and 10.5, respectively. Pesticides used a%li treatment or soil treatments are
conservatively assumed to be systemically distributed to plant tissues as the plant develops. Each step (hox)
depicted in the flow chart is numbered and arrows depict the direction that should be followed in response to
a yes or no answer. More detail regarding cach of the steps is provided below.

When evaluating potential acute risk to adult honey bees from soil or seed treatments® with systemic
compounds, the assessor first asks whether exposure is possible to the adult (Box 2a) or immature stages
(Box 2b) via systemic translocation of residues in plant material. If exposure to honey bee adults is considered
tikely, the review calculates a TER (Box 3a) using cither an acute oral or contact LID30 value for honey bee
adults. In Europe, a Tier | TER is estimated by dividing a screening exposure estimate by the screening level
hazard value. Currently, EPPO has a proposed conservative defaylt exposure value of 1 mg a.i/kg, relies on
the default maxiumum concentration estimated in pollen and/or nectar from residues in whole plants, which
for use with soil and seed treatments. If the risk estimate for the adult honey bees does not meet the regulatory
criterion for low risk, then the reviewer should proceed 1o higher tier risk assessment (options to proceed
with a 10-day adult test (Box 4a), or more refined studies) or consider risk mitigation measures and 1cassess
(Box 8). If the TER value for the adult honey bee meets the regulatory criterion for low risk, then the reviewer
proceeds to evaluate potential impacts on non-Apis adults (Box 5a). Here the assessor may consider data on
NTAs, Where risk assessments for non-Apis bees do not meet the regulatory criterion for low risk (i.c., meets
the regulatory criterion for low risk to Apis by a wide margin). then acute oral/contact LI5S0 values should
be developed for non-Apis bees and a TER calculated (Box 6a). As with honey bees. if the risk estimate
does meet the regulatory criterion for low risk, then the reviewer should proceed to higher tier (refined) risk
assessment {semi-field or field study) or consider risk mitigation measures and reassess (Box 8).

For larval assessments, the same process as that discassed for spray applications is followed (Boxes 3b,
4b. and 5b of Figure 10.4). Additionally, the same process for higher tier (refined) risk assessment is used
as discussed for spray applications. Participants of the Workshop noted the Tack of information on potential
exposure (nectar and polien) related to trunk injection; and that further data are needed in this area (sce
Chapter 13). In the meantime, participants of the Workshop recommended that potential {(screening) risks
from trunk injection be estimated in the same manner as soil and seed scenarios.

As discussed previously, risk assessmentis intended to be an iterative process. At a screening level, when
risk cstimates do not meet decision criteria (l.e., where a presumption of minimal risk cannot be made),
the conditions under which the estimated risks occur should be more closely examined. More detailed fate
considerations {such as degradationy; or use considerations (such as timing of application, or application
intervals) should be considered before additional testing is required.

4 Although not specifically:discussed at the Workshop, treatments with systernic compounds can inchide tree trank injections as well.
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10.6 SCREENING-LEVEL RISK ASSESSMENTS (TIER 1)

As noted, ecological risk assessments typically follow a tiered process (depicted in Figure 10.1}. Substances
move through lower tiers to higher tiers when the information indicates potential risk cannet be excluded.
The first tier of that process is the screening-level assessment, which is intended to effectively and rapidly:

» exclude substances of low risk concern from entering into resource intensive higher tier risk assess-
ment; and

= identify substances for which a potential risk to bees cannot be exciuded and for which a higher tier
risk assessment is needed.

The screening-level assessment should allow for the most efficient allocation of resources and minimize
the number of substances forwarded for higher tier evaluation while still identifving substances of potential
risk to bees. An efficient screening step in the risk assessment process is essential as it optimizes the sucecess
in achieving protection goals. At a screening level, the intent 1s then to use an appropriately sensitive species
that is suitable to ensure that protection goals will be met. In this context, in designing the risk assessment
process, participants proposed the foney bee as a reasonable surregate for both Apis and non-Apis bees at a
screening level for evaluating acute toxicity to adults. The reasons for this ate:

« the biology and availability of A. mellifera makes it well-suited and lends itself to testing and
analysis;

» the relative sensitivity of the honey bee compared to non-Apis species (based on available data)

« tiered toxicity test guidelines are widely available for A mellifera: and

» conducting and interpreting the results of these testsdoes not tequire specialized backgrounds and/or
conditions.

As illustrated in the flow chart depicted in Figure 10.1, the screcning step most often relies on the
calculation of risk estimates, termed RQ, HQ, or TER. These risk estimates are compared to numerical
regulatory decision criteria, termed an “LOC” or Striggercriterion.” An LOC is a value against which a risk
estimate is compared. It is intended to be protective invthat it typically accounts for uncertainties related o
intra- and inter-species variation in sensitivity, extrapolation of short-term toxicity to long-term effects, and
extrapolation of laboratory results to the field:

Depending upon the type of risk estimate used (R4 or TER), if the estimate is above or below the LOC, then
a determination of minimal risk is presumed, or whether additional refinements are necessary. For example, if
screening-fevel risk estimate results in a TER (where the effects estimate is divided by the exposure estimate)
that exceeds the LOC, then minimal tisk is presumed (i.e., if TER > LOC = minimal risk is presumed);
conversely, if the TER does not exceed the trigger value, then minimal risk cannot be presumed, and a higher
tier risk assessment may be needed. The RQ is the reciprocal of the TER in that the exposure estimate is
divided by the effects estimate; therefore, the RQ value s interpreted opposite to the way in which the TER
is interpreted. that is, if the RO exceeds atrigger value, then minimal risk 1s not presumed and a higher tiered
risk assessment may be needed. If the RQ value is greater than the LOC (or trigger value), then minimal risk
cannot be presumed,

10.7 FACTORS LIMITING CERTAINTY IN SCREENING ASSESSMENTS

Screening-level assessients are typically based on conservative assumptions regarding both exposure and
effects. For example, af a screening level assessment for honey bees, the EPPO system does not account
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for good practices such as avoiding spray application during foraging times but conversely, not all routes of
potential exposure are reflected. Given all the potential variables to consider, the participants of the Workshop
believed that the proposed screening level analysis is conservative and protective for other potential routes of
exposure,

Simitarly, although mortality is the primary effect reported and used to generate LS50 values in acute
toxicity tests, adverse effects on behavior are also reported. As discussed in carlier chaptery, the extent to
which sublethal effects occur and whether they ultimately affect assessment endpoints such as impaired
survival, growth, and reproduction at the colony level remains an uncertainty for many compounds. However,
since effects on behavior are frequently, but not exclusively, associated with insecticides or acaricides which
will also potentially affect acute survival, the majority of these compounds will be subject to higher tier risk
assessment where the sublethal effects will be more thoroughly evaluated. In addition, other information
presented in the data profile of a compound (such as mode of action, route of uptake, toxicity, and effects
on other types of terrestrial arthropods) should always be examined (EPPO,2010), and integrated with the
findings of the screening step as part of the overall risk assessment for hongy and non-Apis bees,

The capacity of the screening-level assessment to properly screen substances of low likelihood of adverse
effects from sabstances for which further assessment is necessary has been cvaluated through a review of
the honey bee kill incidents recorded in the United Kingdom survey network Wildlife Incident Investigation
Scheme (WIIS) (Mineau et al., 2008). The Mincau et al., 2008 analysis sapports the utility and efficacy of
the Tier 1 screening methodology, provided that considerations on:the mode of action and use patterns are
also kept in mind, as for any risk assessment process.

10.8 REFINEMENT OPTIONS FOR SCREENING-LEVEL RISK ASSESSMENT

If the results of a screening-level asscssment indicate that g minimal risk cannot be concluded, the process
moves to a series of refinements in exposure and/or effects data (sce Figures 10.2 through 10.5). There are a
pumber of options to further refine a risk assessment through a more in-depth description/characterization of
exposure and/or of effects. These options are described, regarding their possible methodologies, in previous
chapters. As refinements progress, different TERs and RQs are developed.

In the deterministic risk assessment approach, the primary outcome of the (Tier 1) risk characterization
is the calculation of the RQ, or the TER depending on the country/region where the assessment is being
performed. Both the RQ and the TER are single number (point) risk estimates. In reality, risk is more complex
and therefore, a single point estimate can be misleading. As a consequence, the assessor should characterize
the RQ or TER with a description of the uncertainties, assumptions, strengths, and limitations associated with
the risk estimate. These sources of variability and uncertainty should be discussed during characterization
of the exposure and effects and should include refinement options used in ultimately determining the RQ
or TER. At the higher levels of refinement {e.g., semi-field and field tests), the level of impact is directly
measured in experiments that are intended to reproduce the operational conditions of the subject pesticide
product. In this case, TER and RO values are no longer calculated.

Exposure is the first component of the risk to be ecxamined to determine whether a risk assessment is
needed, and the first to be explored to refine a potential risk. As a guide for proceeding through the levels
of refinement, Table 10.3 provides a summary of the relative importance of different exposure routes for
Apis and non-Apis bees. The main exposure routes identified for evaluation in the screening-level assessment
are oral intake of nectar and pollen, and contact exposure. While not all exposure routes are inchided in the
screening-fevel (Tier 1) risk assessment (¢.g., wax and drinking water are not evaluated at Tier 1); and, direct
overspray is considered as the worst case (high-end) exposure, it is important for the assessor to consider
additional exposure routes-for higher tier risk assessment purposes (Table 10.3 presents potential exposure
routes for different bees).
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TABLE 10.3
Likelihood of Exposure to Apis and Non-Apis Bees from Various Routes

Apis Mon-Apis
Exposure Adults Larvae Adults Larvae
Neetar + 4+ + 4+t 4+ o+ +
Pollen + 4o+ + + + 42 + o+ + + + + 1o + + +
Water” + o+ + +3 + 4
Nesting material +4 +4 + o 4+ + AkS
Exposure to soil + - —to 4+ 4+
Foliar residues
(Contact and direct spray) + + + _ +it o+ -0 + + +
Direct spray + 4+ +7 fok 47

“Collect water for cooling (evaporative cooling; take up into crop, regurgitate ity and flap wings to distribute) and honey
production.

1Particular}.y for nurse bees; 2bee bread; provided by nurse bees; 4wwax; “leaves and soil for cement: 5leafcutti11g hees; 7 soil used
to cap cells; Sexposure to soil; at flowering.

Other insccts may expericnce these exposure routes and festing methods are available for these species
and field data may be available. As an example, parasitoid species also feed on nectar, such as the predatory
mite 7. pyri, or the ladybird beetle Coceinella seprempuctaia feeds on pollen. The predatory and parasitoid
coleopteran Aleochara bilineata 1s a soil dweller at the adult stage. Therefore, review of these data when
available may be useful in determining the major exposure routes to be investigated in a risk assessment for
pollinators.

10.8.1 RerivemeNT OPTIONS FOR SPRAY APPLICATIONS

10.8.1.1 Apis Adults

If the HQ for adult Apis exceeds the LOC in the screening-level (Tier 1) assessment, then further information
is required. Refinements can be made for exposure andfor effects, depending upon the profile of the active
substance and its residues.

For spray application, an option forrefining exposure estimates is to move from the screeming-level defanlt
values to product-specific field modeling or measurement data to better quantify exposure. If an application
during flowering cannot be excluded, this option may have several levels of refinement such as consideration
of the interval between application and flowering and the expected level of residues to which bees could be
exposed, for either modeled or measured estimates of refined exposure. Measurements of actual exposure
may be achieved by the use of existing residue data, for example, magnitude of residue, or by implementing
tunnel and/or field residue studies to estimate the level of exposure in treated crops and considering different
modalities for the period of treatment.

While most semi- and full-field toxicity tests gencrate data on both exposure and effects, they may alse be
pursued with an exclusive aim of providing realistic exposure estimates. In this case, it is important that data
gengrated from the ficld test is'recorded so that it may be directly compared to the ecotoxicity data (i.¢., the
results and endpoints are expressed in the same units and represent comparable measures of exposure).
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With respect to residue concentrations in nectar and pollen {(or foliage where appropriate)., the reviewer
should consider the 90th percentile of measured concentrations as a conservative measure of exposure.
However the decision to use a 90th percentile or other value ultimately depends on the dataset. If data are
derived from only a single test on one crop, then a specified percentile, for example, 90th percentile, should
be sufficiently vetted to reflect the uncertainty and variability as is frequently done in support of probabilistic
approaches. If several trials have been undertaken, or data are derived for several crops. then a mean or a
fower percentile may be more appropriate and would achieve the same level of protection. The selection
of a particular crop for the evaluation of residues st consider whether the resulting data are sufficiently
conservative to enable those data to serve as a surrogate for other uses.

The initial test to measure the effect of a compound is a lethality test consistent with relevant life
stage and exposure route (¢.g., oral LD50, or larval toxicity test). As effects tests become more refined,
they incorporate more environmentally realistic conditions and begin to reflect both intrinsic toxicity and
potential-enhancing/compensatory effects, related to environmental conditions.

To further refine the toxicity endpoint, additional Apis studies that could besedevant for the adult Hfe stage
nchude:

» 10-day feeding study {adult survivaly;
» toxicity of residues on foliage study;
s seri-field data; and

« field data.

A description of the studies that may be appropriate is found in Chapter 9; these studies are discussed
briefly below.

The 10-day adult study is an extension of the standard laboratory oral exposure method (OECD 215). The
test exposes adult bees for a period of 10 days and measures lethal effects after ingestion of product over the
entire test duration. A NOEL is derived that may be used similarly as a LD30 in R(Q calculations. Because
this test only addresses oral exposure, it is not sufficient to address the uncertainties associated with sprayved
compounds and is actually considered to be useful when refining estimates of effects for systemic soil/seed
treatments. Currently there is no internationally recognized guideline for the 10-day feeding study nor for
the Tarval toxicity testing in the laboratory; therefore, these tests need to be developed and validated before
formal inclusion into a regulatory risk assessment scheme. The endpoint from a 10-day feeding study could be
compared to either the default (screening-level) exposure concentration, or to refined exposure concentrations
based on ficld measurements, both expressed in tga.ifkg.

The EPA foliar residue toxicity study is more representative of the conditions of exposure for bees after a
spray event. This study is designed to evaluate the effects from exposure to dry and aged residues (3, 6 and
24 hours) and thus provide information on the level of bicavailability and length of residual hazard of the
substance.

As discussed in Chapter 9, semi-field, and field studies reproduce more closely the conditions of exposure
ofbees in a treated crop. The test provides information on colony health based on bee survival and development
related to actual ficld application parameters. Semi-field and field tests can be undertaken with pollinator-
attractive crops treated at flowering (e.g.. Fhacelia), and/or pursued with the actual target crop when a
treatment at flowering cannot'be excluded. Semi-ficld and field tests can also provide additional information
to refine an assessment such as information on potential exposure outside the flowering period of the crop, or
through spray drift onto flowers in vegetated areas, or onto flowering weeds within the crop {e.g., in orchards).
Finally semi-ficld and ficld tests'may allow the evaluation of the efficacy of certain risk mitigation measures
to limit exposure such as reduced application rates, or modifying application intervals.
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10.8.1.2 Apis Larvae
As for the adults, an option for refinement of exposure is to move from the screening-level default values (e.g.,
application rate or default consumption rate), to product-specific ficld modeling or actual measured residucs
(¢.g.. in pollen and nectar, honey or beebread) to better quantify exposure of larvae. The same considerations
with regard to the generation and use of these data apply.

Additonal Apis studies that could be relevant for the farval or immature life stages include;

- brood-feeding studies (brood development®);
« semi-field studies: and
» field studies.

The brood-feeding study aims at evaluating the effects on the development of the honey bee to derive a no-
observed-effect concentration (NOE(C). This NOEC can then be compared to either default (screening-level)
concentration estimates or to refined concentrations based on ficld measurements:

The semi-ficld and field tests are similar with respect to measurement of effects on adults and both can
provide information on colony health and brood development. As discussed elsewhere, field studies typically
do not lend themselves to producing a dose-response relationship (i.e., 2 NOEC or LOEC) due to scale
and logistical reasons. Consequently, the assessor must evaluate whether the study results indicate that a
minimum level of risk exists (for example, no significant {or hmited) difference between test and control
plots). Increased levels of refinement toward characterizing effects beyond the laboratory and semi-field may
involve assessing impacts of the formulated product in full field tests. Further discussion and guidance on
semi-field, and field tests can be found in Chapter 9, and discussion and guidance on brood tests can be found
in Chapter 8.

10.8.1.3 Non-Apis Adults

Non-Apis bees may differ from honey bees in thelr exposure and sensitivity o plant protection pmduc@"
Most non-Apis bees are solitary, with single females that forage for pollen and pectar to feed their offsprinks
construct their nests, and lay ¢ggs (se¢ introduction t© non-Apis biology). The death of a foraging female
implies the cessation of her reproduction ( Tasel, 2002). Incomparison, when a (honey bee} colony loses female
workers, the loss may be compensated by the colony, for example, by engaging inactive workers (Robinson,
1992) or through reduced foraging age (Winstomand Fergusson, 1985), so the colony may continue to develop
as a viable unit. For bumble bees some colony recovery 18 also possible (Schmid-Hempel and Heeb, 1991),
However, the death of the bumble bee guecn in the spring signifies the death of the potental colony that
would be formed (Thompson and Hunt; 1999),

In comparison to honcy bees. the life-history traits of non-Apis bees such as sociality and nesting behavior
result in a greater importance of certain exposure routes. For example, alfalfa leafcutting bees (Megachile
rommdaia) may be more exposed to foliar residues (Geosge and Rincker, 1982), ground-nesting bees to
soil residues and larvae to pollen residues. These differcnces mean that representatives of the main non-
Apis groups for which we have sufficient knowledge should be considered for higher ter testing of a
plant protection product for bees when a risk cannot be excluded. Where non-Apis species are chosen for
higher tier evaluation they should be amenable to experimentation, provide reliable and reproducible results,
and the methods should comply with internationally recognized and validated guidelines (e.g., OECD test
guidelings). The exact choice of species may be based on the proposed use of the product and on regional

5 For example the method of Comen et al. (1992).
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{species) considerations; however, it should be possible to extrapolate from “standard” species {¢.g., Bombus
sp.) to reduce the need for unnecessary testing.

Participants of the Workshop proposed that higher tier testing could be conducted with social ton-Apis
bees from the tribes Bombini and Meliponini and solitary bees that are ground-nesting and cavity-nesting
(Table 10.5). While technigues exist for both laboratory and field/semi-field tests for Bombini spp. (8. rerrestris
and B. impariens) standardization is needed (for review on Bombus spp. see Van der Steen, 2001, Similar tests
are in development for Meliponini species. Sufficient knowledge exists of the ecology of the Bombini and
Meliponini tribes to be able to predict the main exposure routes (see Chapter 7). For cavity-nesting solitary
bees (Osmia lignaria and M. rotundara), laboratory and field/semi-field tests have alicady been successtully
developed (Alston et al., 2007; Abbott et al,, 2008; Ladurner ¢t al., 2008). For ground-nesting bees, while
primary exposure routes can be predicted, there are not vet the techniques to perform standardized tests on
them in the laboratory or the field. Until such techniques are available, the solitary cavity-nesting bees may
sufficiently represent “solitary non-Apis” as a group, taking into account that for ground-nesting species, soil
residues may play a more important route of exposure. Note, however, that even for Bombini and Meliponini
tribes no validated or internationally recognized test protocols exist which currently limits their inclusion into
a risk assessment scheme at this point in time and further research is negded,

Exposure Similar to the refinement process for adult honey bees, the option for refinement of exposure to
adult non-Apis bees is to move from the screening-level default values to product-specific field modeling or
measurement data to better quantify exposure of non-Apis larvae. Table 10.3 provides further guidance on the
specific conditions of exposure for non-Apis species. The same considerations with regard to the generation
and use of these data apply.

Effects As discussed previously, at a screening level inthe proposed risk assessment scheme, the adult
A. mellifera is used as a surrogate for non-Apis species. To take into account interspecics variation and the
different life-history characteristics a safety factor may be built into the LOC for Apis to non-Apis (participants
of the Workshop considered a 10 x factor conservative). Then, as illustrated in the flow chat, if the HQ is
fess than the adjusted non-Apis LOC, then risk is presumed to be low for non-Apis species: and, where it is
not, further refinement of the ecotoxricity data may be undesiaken.

When available, NTA data may be considered at this stage, as it may provide relevant information on
effects (and route-specific exposure) to non-Apis specics see Table 10.4,

The nectar-feeding parasitoid A. rhopalosiphi and the soil-dwelling beetle A. bilineaia are among the most
sensitive of the NTAs tested under the European ESCORT scheme (Candolfi ¢t al., 2001). Adult parasitoids
such as Aphidius also feed on nectar, which makes it a good NTA representative for exposure conditions of
pollinating species. Similarly, approximately 70% of non-Apis bees are ground-nesting (Michener, 2000) and
the ground-dwelling beetle A, bilineara, is tested for sensitivity to plant protection products through sand/soil
under the European ESCORT scheme, such that data from its contact toxicity tests may be considered
nformative for ground nesting bees. In the cases where a refined risk assessment has been triggered for non-
Apis adults, the dataset developed in the European process may contain information on up 1o 8-10 species
in the laboratory and more when semi-field/field testing have to be undertaken for refined risk assessment
purpeses {Candolfi et al., 2001)(Table 10.4). In these cases, inventories of the species identified in the crops
tested may also be useful information in evaluating whether a particular concern is raised for non-Apis species
which would need to be investigated further. Additional work is needed to understand the relative sensitivity
of N'TAs typically used in toxicity tosting to non-Apis bees for which they may be used as surrogates.

If relevant NTA data cannot be found, then the assessor may consider selection of an appropriate non-Apis
species for use in acute laboratory testing (Table 8.3, see Chapter 8) and data from residuc studies and field
measurements (i.e., pollen, nectar, foliage and soil) can inform study design with respect to exposure for
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TABLE 104

Testing Methodologies Developed for the Risk Assessment to Non-Target Arthropods Developed in
the European Process of Evaluation of Pesticides

Testing Scale Species {and Stages Tested)

Tier 1 laboratory: artificial substrate Aphidius rhopalosiphi (adults 4 life cycle™)
Typhiodromus pvri (protonymphs + life cycle®)
Tier 2 (extended) laboratory: natural substrate Aleochara bilineata (adults + life cycle®)
A. rhopalosiphi (adults 4+ life cyele®)
Chrysoperla carneq (lagvae + life eycle®)
Coccinella seprempuncigio (arvae + life cycle®)
Orius laevigatus (nymphs 4 life cycle®)
FPardosa sp. (adultg)
Poecilus cupreus{adulis)
Trichogramma cacpeciae {adults + life cycle®)
Semi-field £ cupreus {(adults)
Methods can be adapted for many species
Field Arthropods {populations and commmunities)

Source: Data from Candolfi et al., 2001.
“Swdies purporting to examine the life eycle of species may focus on a particulapaspect of the life cyele and may not inchude
the entire life cycle.

non-Apis (sec also Chapter 7). For example, a plant protection product with high foliar residucs would suggest
that higher tier testing should be performed on alfalfa leafcutting bees (M. rorundara) if sach bees will visit
the crop to harvest nesting material and exposure may occur,

Alternatively, as shown in the flow charts (Figures 10:2, 10.3, 10.4, and 10.5), non-Apis-specific test data
for adult contact or oral toxicity can be gencrated. These data are likely to be in the form of an LS50 (ng/bee),
to be used in developing an HQ similar to that for adult Apis. For the assessment criteria to be met, the HQ
must not exceed the LOC (trigger value); if it does not exceed a concern, the assessment need not proceed
further. Issues of LOC (triggers) and safety factors (such as intra-species variation) may be further discussed
by the respective regulatory authorities.

Refinement of effects data beyond the laboratory and semi-field/field may involve assessing impacts of the
formutated product. Guidance on the types of tests may be found in Chapter 8. The field or semi-field tests
will monitor behavior and quantify bee mottality and fecundity of one or several selected non-Apis species
likely to be encountered in the cropsto be freated with the product. (see Chapter 8, Hazard, Field for methods
and advantages of ficld tests on non-Apis bees). Table 10.5 at the end of this section highlights the avatlability
of laboratory and field tests for representative groups of social and solitary non-Apis bees.

Risk Characterization (Estimation) For both Apis and non-Apis assessments, when higher level field
data are developed, the results are not expected o be applied in a TER and/or quotient context, but may be
used directly in the risk assessment. Again, mitigation of potential risk remains as an important pathway to
meeting protection goals whether at the screening or higher tier steps of the analysis. Risk characterization
will depend upon the data generated and refinements therein, Below is a brief discussion of refinements o
input studies.
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TABLE 10.5

Available Laboratory and Field Tests with Representative Groups of Solitary and

Social Mon-Apis Bees

Study Type

Faboratory Adult
Larva

Field Semi-field
Field

Exposure

(pollen, nectar,
foliar, sotl)

Solitary Social
Tunnel-nesting Bombini Meliponin
{Tube, Wood) Cround-nesting (Bumble Bees) {Stingless Bees)

Zone: temperate north
Megachile rotundata
{Huntzinger et al., 2008;

Scott-Dupree et al., 2009)

Osmin lignaria
(Ladurner et al., 2005,

Scott-Dopree et al., 2009)

Zane: tropics
Xylocapa spp.

{tests in development)
Zone: temperate north
M. rotundato

(Peach et al., 1995;

Gradish et al., 201 1a;

Hodgson et al., 2011)
O, lignaria

{Abbott et al., 2008)
Zone: tropics
Kvlocopa spp.

{tests in development)
Zone: temperate north
M. rotundata

(Yohansen et al., 1984,

Tasei et al., 1988;

Mayer and Lunden, 1999)

Osmia bicornis

{Konrad et al., 2008}
O. lignaria

(Ladurner et al., 2008)
Zone: temperate north
M. rotundata

{Torchio, 1983)
3. lignaria

Can be developed:

For polien provisions'in the
field, see Abbott et al. 2008
For foliar residogs, sesGeorge

and Rincker, 1982

Zone: temperate
north

Nomia melanderi
(Johansen et al.,
1984; Mayer et al.,
1698

Timited availability
of tested species

Nomia melanderi
(Mayer et al.,
1998}

Zone: temperate
north

Rombus terrestris
(Thompson, 2001)

Bombus impatiens
(Seott-Bipree
et al., 2009,
Gradishigtal.,
201165

Zone: kemperate
north

8. tervestris
{Thonpson, 2001)

8. impatiens
Gradish et al.,
2010; Gradish
et al,, 2011b%)

Zone: teraperate
north
3. terrestris
(Tasei et al., 2001)
B. impuatiens (Gels
et al., 2002}

o=

Zone: temperate
north

B. terrestris
(Tasei et al., 2001)

B. impatiens

For pollen, see
Morandin et al.
2005

“Meeds standardized guidelines of currently used lab bivassay and microcolony assays.

Zone: fropics
several species, and
tests in development
{(Macieira and
Hebling-Beraido,
1989, Valdovinos-
Nunez et al., 20609)

Zone: tropics
{tests in developrnent)

Zone: tropics
sts in development)

Zone: tropics
{tests in development)
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10.8.1.4 MNon-Apis Larvae
Exposure A general description of exposure sources for non-Apis species (immature stages) is provided
in Table 10.3. Where honey bee larvag are exposed primarily in farval food (which is processed pulien) this
should be considered when generating a refined {exposure) analysis for non-Apis species. For example, pollen
sampled in the ficld or from loads taken at the hive eatrance {pollen traps) or from forager bees directly may
represent concentrations found in unprocessed food sources. Concentrations of residues from pollen sampled
from within hive food stores or from larval cells could be more relevant to honey bee Tarvae.

Non-Apis larvae may also be exposed through contact with the pollen and nectar food provision in the nest,
In addition, the larvae of ground-nesting bees and cavity-nesting bees which separate theirnest cells with soil
(e.g., 0. lignariay may comg into contact with soil applied plant protection products. Similarly, the larvae of
leafcutting bees may come into contact with a plant protection product through residues on the foliage used
to construct its nest (see Chapter 7, Exposure). Non-Apis species thus have various seurces of exposure (e.g.,
treated soil or nesting material). Refining potential exposure estimates o non-Apis bees to account for the
different exposure sources would be difficult to achieve in a specific exposie test. In this case, it would be
more appropriate to refine potential exposure and risk through a semi-field or ficld study (see Chapter 9).

Effects As discussed carlier, honey bee larvae are proposed as a surrogate for non-Apis larvae as there is
currently no formal guideline established for testing non-Apis larvae,

As the assessor moves through the proposed process, they may consider N'TA data, it available, which may
provide relevant information to refine potential risk to non-Apis species (Candolfi et al., 2001). These tests
measure a wide range of endpoints including juvenile and adult survival, fecundity, or larval development
depending on the species being tested (Table 10.4). The NTA tests are frequently designed to detect relatively
small changes in sublethal endpoints; therefore, an understanding of an application rate that may result in
low impact on growth and/or focundity or other sublethal parameters may be derived. Beyond laboratory
tests, refining an understanding of potential effects to non-Apislarvae may involve field tests with formulated
products (see Chapter ). While ficld and semi-ficld tests have not been specifically developed for ground
nesting bees, monitoring of cavity-nesting bees through ficld or semi-ficld tests may provide information on
some of the larval exposure routes that are unique to non-Apis species. Table 10.5 at the end of this section
highlights the availability of laboratory and ficld fests for representative groups of social and solitary non-Apis
bees.

Risk Characterization (Estimation) If effects data on non-Apis larvae have been generated and provide &
NOEC, then this value could be used as in TER calculation. Both default and refined exposure estimates may
also be used in TER calculation. As noted in the flow charts, should this assessment indicate risks that are
not consistent with protection goals, then. cither mitigation measures may be considered or the assessment
may proceed to further refinement.

Again, when data are generated from field tests. it is not expected that the results are conveyed in a TER
{quotient-based) context, but rather incorporated directly into a risk assessment,

10.8.2 5011 OR SEED TREATMENT APPLICATION FOR SYSTEMIC SUBSTANCES {(ALSC INCLUDING
TRUNK INJECTION)

10.8.2.1 Exposure-—Apis and Non-Apis

While there are differences. in the screening-level assessment for calculation of HQs/TERs between sprayed
pesticides and systemic substances, the general approach to refining the risk assessment for systemic applica-
tions is largely similar to that for spray applications, The primary difference is that for systemic chemistries,
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exposure levels via contact are largely below that which may be encountered via an oral route of exposure.
Table 10.3 should be consulted for exposure routes specific to non-Apis bees. For example; for systemic
compounds. leafcutter bees may be exposed orally through the foliage used to build their nests. The most
appropriate way to explore this further is through simulating exposure conditions in a semi-field or a field
test (see Chapter 9).

As stated earlier, for trunk injection, further data are needed to appropriately describe the range of expected
residue concentrations in nectar and pollen that may be used in a risk estimate for this application method.
In the future, a compilation of available data could be made, with particular attention to the corresponding
injection protocol as it varies with active ingredient and tree species.

10.8.2.2 Effect—Adult Apis

If risk cannot be excluded at the screening-level assessment, then a Tier 2 agsessmient, based on the 10-d
NOEL for young adult honey bees, can be conducted. The 10-day test is an appropriate measure to refine the
acute effects endpoint employed in the Tier T assessment (e, oral LD50), The H0-day test may be run based
on the default maximum concentration estimated in pollen and/or nectar, of on refined measured values, if
these arg available (see section 10.8 for more details on the options). In this case, if the TER value exceeds
triggers, then one may reach a presumption of low risk to adult honey bees from soil/seed applications. If
viable exposure routes exists for the immature stages of either honey biegs or non-Apis species. (e.g., through
contaminated pollen or beebread), then the approaches for refinement to soil/seed scenarios are similar as
that for spray treatments (see Chapter 9). For higher tier testing (semi+ficld and field testing) protocols may
be adapted to reflect crops grown from coated seeds or to products applied on/to soil, or for trunk injection.
These tests may include monitoring of effects at sowing if measurements from potential exposure via seed
dust (if it cannot be excluded or mitigated), or measurements of potential exposure to non-Apis species that
might frequent the soil.

10.8.2.3 Risk Characterization (Estimation)
Simidar principles as for spray application do apply for suil/seed treatments and trunk injection.

10.9 CONCLUSIONS ON THE RISKS AND RECOMMENDATIONS

Concluding a risk assessment is probably the step that best reflects how case-related the risk assessment
process can be. Conclusions could be very brief and simply indicate that under the assessment that was
conducted (i.e., whether it was screening fevel or.a higher tiered assessment) the use of the product meets
the protection goals of the respective regulatory authority. However, where a refined risk assessment was
triggered. there is a need to clearly express the following information in the conclusions:

» what concerns were identified at the screening step:

« whether/what concerns were idenfified in higher ticr assessments;

« whether results of the higher tier assessment. addressed potential risk concerns;

» whethet/which mitigation measure were considered at different levels of analysis. and whether the
mitigation measures reduced potential risks to an acceptable level;

« whether, despite higher tier analysis, all available lines of evidence, and consideration of mitigation
measures, potential risks remain; and

» remaining uncertainties (if any) in the risk assessment.
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Risk assessment conclusions should give particular emphasis to the four following areas which are essential
in providing appropriate information to risk managers for decision making. These are:

» the appropriateness of the available data to assess potential risks posed by the subject-compound. or
product;

« defining the use parameters required in order that the protection goals can be met;

» characterization of any potential risks, including remaining uncertainties resulting from a lack of
data or deficiencies in the existing data; and

«  where refined risk analysis indicates risk, characterization should be provided regarding the growth,
reproduction or survival of the organism {(colony/population) and possible interactions with plants
and ultimately with stated protection goals.

Risk assessment conclusions should characterize the possibility of risk based on the available lines of
information (data, monitoring information, incidents, etc.}. Characterization should include discussion of
potential risk to any specific life stages or castes. In certain cascs, exposure considerations should focus on
gathering more refined data such as:

« characterizing spray drift onto adjacent crops/vegetation that are attractive to bees; and

» characterizing exposure to residues that could reach pollen/nectar of the crop for pre-flowering
applications of systemic compounds, and of mobilization of soil residues in rotational crops (where
relevant).

The risk assessment should be able to address the meaning of effects, for example, a temporary increase
in the mortality of foragers, avoidance of a treated crop.over the first days post treatment, etc. Field, and in
some cases semi-ficld, studies may allow for the monitoring of colonies/populations over long periods and
measurement endpoints may be available to address these concerns. Unresolved issues regarding time scale
(temporal) or spatial scale could also be addressed through modeling tools when sufficiently developed.®
Where uncertainties are related to “borderling” of “mingt” effects and do not strictly compromise the
protection goals, they may be appropriately addressed by implementing a monitoring study. The advantage
of monitoring in this respect is to verify that protection goals will be met under conditions of agricultural
practice in the real environment without any effort to control other stress factors.

If a decision is made not to authorize a use, then it must be based on the evidence that protection goals for
a particular product cannot be met. The inability to meet protection goals implics that, based on the available
tines of evidence and higher tiered analysis, neither exposure nor hazard can be reduced or avoided, and
resulting risks may compromise protection goals. It is the responsibility of both the risk assessor and risk
manager to discuss the conditions of the assessment and explore mitigation options, if these are warranted.
Both the assessor and manager should consider whether information exists that would determine whether ali
options to refine or mitigate potential risks have been explored before a final decision is reached.

10.10 RECOMMENDING RISK MITIGATIONMN MEASURES
Risk mitigation measures mainly aim at reducing the risks through a reduction of exposure. In principle,

mitigation may be considered at any stage of the assessment process. such as prohibiting application during
bloom. However, certain measures aiming at reducing the level of exposure/residues in relation to effect

¢ Modeling tools have been successfully developed in other areas of ecotoxicology for that purpose.
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threshold (NGEL), are more effectively considered during higher tier testing, such as reduced application
rates or increased application intervals. Dedicated field testing may be useful when dealing with the product-
specific measures. The decision to consider mitigation measures at any step of the process involves issues of
product efficacy, as well as national policies. A fuller address of mitigation measures is found in Chapter 13.

10.11 ADDITIONAL TOOLS IN SUPPORT OF RISK ASSESSMENT AND TO INFORM
RISK MANAGEMENT

Tools that may help to better interpret data (e.g., statistical and mathematical tools) should be used, particularly
when higher tier data have been generated. In addition to these tools which now oftén enter into the usual
package of risk assessiment, modeling, and landscape management approaches are possibly the most promising
ones to further support both risk assessment and risk mitigation provided these tools are sufficiently vetted
and validated against measured data.

16.11.1 Moprune Toous

Modeling tools may provide insight on uncertainties identified inrisk analyses that cannot be readily addressed
by laboratory and/or field studies. Modeling population dynamics may be used to simulate the fate of the
population or colony over years of exposure to the product, andfor at a wider scale than the ficld, and may
have the potential to address generic questions such as colony-level implications from individual-level effects.
Development of models for honey bees and non-Apis bees could thus address general questions such as:

«  What level of mortality or brood loss is of minimal consequence at the colony or population level?
»  What magnitude and frequency of effects on adult survival and brood success are required to put
the viability of a honev bee colony at risk?

Please provide  »  How do these thresholds vary according to season?
in~text citation
for the

foliowi L - . . . . . .
oo Answers to these generic issues are of great interest in conducting and interpreting risk assessments but

“Alix & Lewis, als0 in support of decision making. The potential usefulness of modeling tools is discussed in more detail in

; Ot Chapter 11
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